Background: Inadequate technique reduces the effects of inhalation medication. Errors in inhalation technique have been reported to range up to 85%. Not only various patients' characteristics but also the device has an effect on correct inhalation technique. The purpose of this study was to determine the effect of patients' characteristics and type of inhaler device on inhalation technique in patient with asthma or chronic obstructive pulmonary disease (COPD). Methods: A validated scoring method was used that consisted of triple viewing of video-recorded inhalations, using device-specific checklists. The following patient characteristics were investigated: gender, age, education level, diagnosis, treatment by a pulmonary physician, previously received inhalation instruction, exacerbation frequency, knowledge, self-management competence, pulmonary function, and use of multiple inhaler devices. Chi-square statistics were used for univariate associations between potential determinants and correctness of inhalation technique. Relevant determinants were entered into a multivariate logistic regression model. Moreover, inhalation technique errors were examined for six inhaler devices: three prefilled dry powder inhalers, one single-dose dry powder inhaler, a pressurized metered-dose inhaler (pMDI) and a pMDI with a spacer. Results: Overall, 40% of the patients made at least one essential mistake in their inhalation technique. Patients who never received inhalation instruction and patients who used more than one inhaler device made significantly more errors (odds ratio both 2.2). Comparison between devices showed that a correct inhalation technique most likely occurred with the use of prefilled dry powder devices. Conclusion: Incorrect inhalation technique is common among asthma and COPD patients in a pulmonary outpatient clinic. Our study suggests that the use of prefilled dry powder inhalers as well as inhalation instruction increases correct inhalation technique. Simultaneous use of different types of inhalation devices has to be discouraged.
Introduction

I
nhalation medication is the cornerstone of therapy for patients with asthma and chronic obstructive pulmonary disease (COPD). Inadequate inhaler instruction and poor inhalation technique moderates the effectiveness of the medication and are a major cause of poor disease control. (1, 2) Furthermore, incorrect technique has been reported in up to 94% of patients. (3) (4) (5) Patient-related determinants like sex, (6) (7) (8) age, (9) (10) (11) (12) educational level, (13) emotional problems, (14) severity of obstruction, (10) and diagnosis (15) have been associated with incorrect inhalation technique. Also, the type of inhalator device is an important determinant of incorrect inhalation technique. (15) (16) (17) Some studies have demonstrated that patients using a pressured metered-dose inhaler (pMDI) made significantly more mistakes than users of dry powder inhalers, (15, 17) whereas another study showed better inhalation technique through the use of pMDIs. (9) A review by Brocklebank et al. (3) did not demonstrate significant difference between pMDIs and dry powder inhalators. Despite the importance of correct inhalation technique, previous studies did not use validated instruments for the assessment of inhalation technique. In this study, we used a validated scoring method that consists of triple viewing of video-recorded inhalation demonstration using device specific checklists and mutually agreed scoring rules. This method revealed a high percent agreement and substantial or almost perfect Kappa scores for both inter-and intraobserver reliability for a broad range of devices. (18) This study investigates the inhalation technique of asthma and COPD patients in a pulmonary outpatient clinic, in relation to patient characteristics. Moreover, we separately examined inhalation technique errors between different types of inhaler devices.
Materials and Methods
Patients were recruited from a clinical randomised trial, investigating the effect of nursing care added to regular care by a pulmonary physician in an outpatient clinic in Amsterdam, The Netherlands. (19) All patients were older than 18 years and diagnosed in accordance with GINA and ERS criteria for asthma and COPD, respectively. (20, 21) There were no formal exclusion criteria. The study was approved by the Medical Ethics Committee.
Patient characteristics
During an interview, information was obtained about gender, age, educational level (low: primary school, middle: high school, high: bachelor or higher), diagnosis, whether patients were treated by a pulmonary physician for the previous 2 years, if patients had received inhalation instructions, whether patients experienced an exacerbation in the previous 6 months, knowledge, self-management, pulmonary function, and the number and type of inhaler devices were recorded. We defined an exacerbation as worsening of respiratory symptoms that required treatment with oral steroids for both asthma and COPD patients. The patient's knowledge of disease and level of self-management was assessed using a self-administered questionnaire previously used. (19) The knowledge questionnaires was adapted form existing questionnaires and supplemented with self-formulated questions. (22) (23) (24) The 18-item questionnaire contained 14 general questions (e.g., ''it does not really matter how patients with an airway disease take their inhalation medication''), and was supplemented with four diagnosis-specific questions for both asthma and COPD patients (e.g., for asthma patients ''the narrowing of the airways is mainly caused by the contraction of the muscles in the wall of the airways,'' and for COPD patients: ''in emphysema the narrowing of the airways is mainly caused by decreased elasticity of the lungs''). The response categories from the questionnaire were ''true,'' ''false,'' or ''do not know.'' The category ''do not know'' was included to discourage guessing, and was scored as incorrect. The self-management questionnaire describes two slow onsets and one rapid onset of exacerbations, and was adapted from the validated interview-based questionnaire developed by Kolbe et al. (25) Because patients use different types of medication, which influence the selfmanagement strategy, a maximum score (indicating optimal self-management ability) was calculated for each individual patient according to the types of medications that were used. Scores for both questionnaires range from 0 to 100%, with higher scores indicating better knowledge and performance (questionnaires available on request).
Pulmonary function was expressed as the percentage of predicted forced expiratory volume in one second (FEV 1 ) and forced expiratory volume=vital capacity (FEV 1 =VC).
Devices and inhalation technique
Six types of inhaler devices were examined: three types of prefilled dry powder inhalers, Diskus=Accuhaler Ò (Glaxo Smith Kline, UK), Diskhaler Ò (Glaxo Smith Kline), and Turbuhaler Ò (AstraZeneca, Sweden), the single-dose dry powder inhaler (Cyclohaler Ò or inhaler Ingelheim Ò ), the pressurized metered-dose inhalator (pMDI), and the pMDI with spacer. We developed a checklist that measures steps required for adequate drug delivery, the number of steps needed varied from 6 to 11.
(9,17) Furthermore, we defined so-called essential steps for each device. (17) When one or more errors were made regarding these essential steps, we considered it unlikely that a significant amount of medicine would be inhaled. In these cases inhalation technique was defined as incorrect. Our method of assessment of inhalation technique was investigated in terms of inter-and intraobserver reliability. Briefly, the method consists of viewing the video recorded inhalation demonstrations three times, using device specific checklists and mutually agreed scoring rules. (18) Scoring rules were consented drawn up by three investigators in a 6-h training session.
Statistical analysis
Chi-square statistics were used to investigate univariate associations between patient characteristics and inhalation technique. Relevant determinants of an incorrect inhalation technique ( p < 0.40) were entered into a multivariate logistic regression model. Effect sizes were expressed in odds ratios (OR) with their 95% confidence intervals (CIs).
Additionally, we calculated the percentages of essential mistakes per device, and analyzed the relation between type of device and incorrect inhalation technique. In this approach we also used multivariate logistic regression. All analyses were done with SPSS=PC Statistics 16.0 (SPSS Inc., Chicago, IL, USA).
Results
A total of 156 patients performing a total of 204 inhalation demonstrations were included in the study. Patient characteristics are presented in Table 1 . The mean age of the participants was 61 years (SD ¼ 14), 42% were female, 58% were diagnosed with COPD, and 44 patients (28%) used multiple types of inhaler devices. A total of 63 patients (40%) performed at least one essential step incorrectly.
Univariate analysis of the determinants showed statistically significant associations of incorrect inhalation technique for older age and absence of received inhalation instruction 2 ROOTMENSEN ET AL.
( Table 2) . No associations could be observed regarding knowledge and self-management. Multivariate logistic regression revealed that there were two independent explanatory factors of incorrect inhalation technique (Table 3) ; namely, patients who never received inhalation instruction and patients using multiple types of inhaler devices (OR both 2.2). For the analysis per device, a total of 204 inhalation demonstrations were used from the 156 patients. Essential steps, scores per step and total score per device are presented in Table 4 . Essential errors were recorded least in the prefilled dry powder devices Diskus Ò (15%), Turbuhaler Ò (18%), and Diskhaler Ò (21%). Forty-five percent of the demonstrations with single-dose dry powder inhalers showed at least one essential error. Most errors were seen in demonstrations with pMDIs with or without spacer (respectively, 47 and 81%). For the pMDI the steps concerning hand-lung coordination; that is, ''activate canister in beginning of slow inhalation'' and ''continue to inhale slowly and deeply,'' were most frequently performed incorrectly (respectively, 72 and 31%).
Multivariate analysis (Diskus Ò device set as reference group) revealed no differences between prefilled dry powder devices (ORs Turbuhaler Ò and Diskhaler Ò 1.1 and 1.5), whereas single-dose dry powder devices and pMDI with or without spacer significantly showed significant more errors (ORs 5.2, 4.4, and 25.7, respectively).
Discussion
In our study, 40% of all asthma and COPD patients made at least one essential mistake in their inhalation technique. Although univariate analysis showed that the younger patients made fewer errors, this outcome was not found in the multivariate analysis.
The considerable number of mistakes regarding inhalation technique is in line with previous studies. In the literature, the prevalence of incorrect inhalation shows considerable variability, (3, 4) which may be caused by, among other factors, differences in scoring methods. Some studies scored patients' 
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technique only by right or wrong, whereas others divided the inhalation procedure into up to 15 steps per device and gave weighted scores per step accordingly. (26, 27) It is complicated to observe, measure, and judge inhalation technique, mostly because of the velocity in which direct observed inhalation takes place. By their nature most studies examining inhalation technique are subjective by design as teachers often assess the technique themselves. Moreover, investigators are often not blinded, and no information is given about the kind of training received. This type of study design raises the possibility of observer bias and the likelihood of poor intraobserver repeatability. Hence, we used videotaped demonstrations that were judged three times, using a predefined checklist. Unlike a previous study that used videorecorded inhalation demonstrations, (14) this method was validated, proving to be valuable as a research tool. (18) Unlike previous studies, the patient characteristics of sex, education level, level of obstruction, and diagnosis were not associated with the inhalation technique of patients suffering from asthma and COPD. (6) (7) (8) (9) (10) (11) (12) 15, 24) Moreover, no associations were found for knowledge and self-management scores. The developed self-management questionnaire turned out to be difficult to fill out by the patients, and therefore could have influenced the results. Patients who received inhalation instructions in the past were more likely to inhale correctly. This result supports the recommendations in guidelines and previous studies. (20, 21, 28, 29) Health professionals should be instructed and trained in the use of each individual device before they can educate patients. (28) (29) (30) (31) (32) The preparation and manipulation for loading each device, as well as the general maintenance required, should be provided in the form of clear instructions for patients. (32) There should be enough time for checking and intensive training of inhalation technique. This should be repeated, because patients tend to forget the appropriate inhaler technique and sometimes introduce new errors in time. (33) (34) (35) Group instruction seemed to be more effective than personal or video instructions, (17) whereas in another study written instruction alone was inadequate. (36) Unfortunately, data about the type of instructions previously received and the time between the instructions and the actual inhalation demonstration were not available. Not surprisingly, because patients using multiple devices had to perform more essential steps, they were more prone to perform incorrect inhalation techniques. Percentage of patients performing at least one step incorrectly does not have to be sum of the essential steps separately since per demonstration multiple essential steps can be performed incorrectly. Odds ratio from Diskus is reference value for other devices.Odds ratios were adjusted for whether or not receiving inhalation instruction.pMDI, pressurized meter dose inhaler.
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Unfortunately, in some countries there are no dry powder inhalers available for short-acting bronchodilators. This means that some patients have to choose between multiple inhalers or using inhalers with a higher incidence of incorrect inhalation technique. The prefilled powder inhaler outperformed the singledose powder inhaler and the pMDI; the latter even when used with a spacer. Possibly the reduced number and complexity of essential steps in prefilled dry powder inhalers have resulted in an improved inhalation technique. Most mistakes were made in demonstrations with a pMDI. In line with previous research, these errors were the result of failing hand-lung coordination, preventing synchronization of activating the inhaler while inspiring. We think that our data for the percentage of essential errors for the pMDI with a spacer might be too high. Activating the inhaler only once was considered an essential step. Both multiple activations and not activating the inhaler at all were both considered incorrect. This might have led to overestimation of essential errors for the pMDI with spacer because, unlike not activating the canister al all, multiple activations will still deliver medicine to the lungs.
Correct inhalation technique supports good delivery of medicine into the lungs. However, other factors, such as particle size of the medicine (37) and anatomy of the patient are also important for good clinical outcomes.
We conclude that a substantial amount of errors are made with the inhalation technique. Fewest mistakes are made when using prefilled dry powder inhalers. We recommend instructing the patient in the proper use of an inhaler; in addition, simultaneous use of different types of inhalation devices should be discouraged.
